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Enoxaparin sodium is a low-molecular-weight heparin. It is not clear
whether the risk of development of osteoporosis after administration of low-
molecular-weight heparins is lower than after administration of standard hepa-
rin.

The aim of the present study was to investigate the effects of enoxaparin
on histomorphometric parameters of bones in female Wistar rats (13–15
weeks old at the beginning of the experiment). Enoxaparin was administered
at doses of 1000 anti-Xa IU/kg sc daily or 2000 anti-Xa IU/kg sc daily for 4
weeks. Bone mass, mineral and calcium content (in the tibia, femur and L-4
vertebra), length and diameter in the tibia and femur, and histomorphometric
parameters of the tibia (periosteal and endosteal transverse growth, width of
periosteal and endosteal osteoid, area of the transverse cross-section of the
cortical bone in the diaphysis and area of the transverse cross-section of the
marrow cavity) and the femur (width of epiphyseal and metaphyseal trabe-
culae, width of epiphyseal cartilage) were examined.

Enoxaparin, administered at doses of 1000 anti-Xa IU/kg sc daily or
2000 anti-Xa IU/kg sc daily for 28 days, induced osteopenic changes in the
rat skeletal system. The changes observed in bone histomorphometric pa-
rameters indicate that enoxaparin caused the inhibition of bone formation
and intensification of bone resorption.
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INTRODUCTION

Enoxaparin sodium is a low-molecular-weight
heparin. Heparin belongs to drugs whose long-term
administration is connected with the risk of devel-
opment of osteoporosis [14, 32]. Heparin-induced
osteoporosis is considered a rare adverse effect and
its actual incidence remains unclear [30]. However,
up to one third of all patients receiving long-term
heparin treatment experience subclinical reduction
in bone density [31]. Gathering unequivocal data
concerning the real risk of symptomatic heparin-
induced osteoporosis is difficult, because long-term
heparin therapy is not frequently used [12]. Long-
term outpatient treatment with heparin is used
when anticoagulant therapy is indicated in pregnant
women and in patients who develop recurrent ve-
nous thromboembolism while treated with appro-
priate doses of oral anticoagulants [13]. Heparin-
induced osteoporosis was studied in animal models
in vivo [18, 20, 22, 23].

Low-molecular-weight heparins (ardeparin,
certoparin, dalteparin, enoxaparin, nadroparin, par-
naparin, reviparin, tinzaparin), more recently intro-
duced to therapy, have some advantages over stan-
dard heparin [2, 6, 13]. They have better subcutane-
ous (sc) bioavailability, a longer plasma half-life,
more predictable anticoagulant response and re-
quire less intense laboratory monitoring [17]. They
have reduced antifactor IIa activity relative to anti-
factor Xa activity [13]. Whether the risk of devel-
opment of osteoporosis after admnistration of low-
molecular-weight heparins is lower than after stan-
dard (unfractioned) heparin, has not been clearly
established. There are reports both on their lower
[21, 25] and similar [10, 19] effect on bones.

There are differences between low-molecular-
weight heparins in terms of their molecular weights,
pharmacokinetics and potencies [16]. According to
the US Food and Drug Administration, the low-
molecular-weight heparins should be considered as
individual drugs [6].

Enoxaparin belongs to the most frequently used
low-molecular-weight heparins for thrombopro-
phylaxis in pregnancy [8, 16]. However, there are
only few clinical reports on its effect on the skeletal
system [1, 4, 7, 24] and, as far as we know, there
are no reports on its effect on the skeletal system of
experimental animals.

The aim of the present study was to investigate
the effect of enoxaparin on histomorphometric pa-
rameters of rat bones.

MATERIALS and METHODS

The experiments were carried out on female
Wistar rats (13–15 weeks old at the beginning of
the experiment), fed a standard diet ad libitum. The
animals were divided into 3 groups (n = 7): I. Con-
trol group, II. Enoxaparin – 1000 anti-Xa IU/kg sc
daily, III. Enoxaparin – 2000 anti-Xa IU/kg sc
daily.

The procedure of the experiments on animals
was approved by the Local Ethics Commission,
Katowice.

Enoxaparin sodium (Clexane multi, Aventis,
Switzerland) was administered sc once daily for
4 weeks. The control group received 0.9% saline in
the same volume of 1 ml/kg sc daily. The animals
were weighed every second day.

One day before the start and on the last day of
administration of enoxaparin or saline, the animals
were given tetracycline hydrochloride (20 mg/kg,
ip) in order to mark the calcification front. The next
day, animals were sacrificed and the right and left
tibial and femoral bones and L-4 vertebra were ex-
cised. In the isolated left bones, mass and macromet-
ric parameters were determined (length, diameter of
the diaphysis in the mid-length).

In order to determine the content of mineral
substances in bones, the L-4 vertebra, left tibia and
femur were mineralized at the temperature of
620�C for 48 h and weighed. In the mineralized
bones, calcium content was determined by a color-
imetric method.

The right femoral and tibial bones were used to
prepare histological specimens, as described previ-
ously [10, 11]. Briefly, from the tibial bone, trans-
verse cross-sections of the diaphysis were made
and from the femoral bone, a longitudinal section
of the distal epiphysis was made. The sections were
ground on the tarnished glass. The first preparation
from the tibia remained unstained. The rest of the
preparations were stained using the Tripp and
MacKay method (without decalcification) [29].

The histomorphometric measurements were car-
ried out using an Optiphot-2 microscope (Nikon),
connected through RGB camera (Cohu) to personal
computer (program Lucia G 4.51, Laboratory Im-
aging), with final magnifications of 200 and 500
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times. In the unstained preparation, the distance be-
tween the tetracycline stripes was measured, on the
periosteum side and on the marrow cavity side (pe-
riosteal and endosteal transverse growth). In the
stained preparation of the transverse cross-section
of the tibia, the width of the endosteal and peri-
osteal osteoid was determined. In the longitudinal
preparation from the femur, the width of epiphyseal
cartilage and the width of trabeculae in the epiphy-
sis and metaphysis were measured.

The area of the transverse cross-section of the
cortical bone in the tibial diaphysis and the area of
the transverse cross-section of the marrow cavity in
the tibia were measured in the stained preparation,
with the use of a lanameter (magnification 50 times).

Results are presented as the means ± SEM. Sta-
tistical evaluation was performed using Student’s
t-test for unpaired observations.

RESULTS

Administration of enoxaparin (1000 and 2000
anti-Xa IU/kg sc daily) for 4 weeks did not affect

body mass gain in the female rats in comparison
with the control group (Tab. 1). There were no sta-
tistically significant changes in macrometric pa-
rameters of bones. However, enoxaparin caused
changes in the rat skeletal system. The bone mine-
ral content to bone mass ratio decreased in the in-
vestigated bones in comparison with the control
group (statistically significantly in L-4 vertebra in
rats receiving enoxaparin at a dose of 2000 anti-Xa
IU/kg sc daily).

Administration of enoxaparin profoundly af-
fected bone histomorphometric parameters (Tab.
2). In the tibia, the width of periosteal osteoid sta-
tistically significantly decreased in comparison
with the control group (by14.39% after 1000 anti-
Xa IU/kg sc daily and 10.80% after 2000 anti-Xa
IU/kg sc daily). The width of endosteal osteoid sta-
tistically significantly decreased (by 8.24%) after
administration of enoxaparin at the higher dose.
Also the periosteal and endosteal transverse growth
statistically significantly decreased after admini-
stration of enoxaparin (by 29.93% and 31.64% af-
ter 1000 anti-Xa IU/kg sc daily and by 24.70% and
33.78% after 2000 anti-Xa IU/kg sc daily, respec-
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tively). In comparison with the control group, sta-
tistically insignificant increases in the area of the
transverse cross-section of the marrow cavity (by
12.19–13.62%) and the ratio of the area of the
transverse cross-section of the marrow cavity to the
area of the transverse cross-section of the tibial dia-
physis (by 6.34–10.65%) were observed.

In the femur, after administration of enoxaparin,
the width of trabeculae in the epiphysis and the
width of epiphyseal cartilage slightly decreased in
relation to the control group (the changes were not
statistically significant).

DISCUSSION

Administration of enoxaparin (1000 and 2000
anti-Xa IU/kg sc daily) for 4 weeks evoked strong
unfavorable effect on the investigated histomor-
phometric parameters of the long bones.

Standard heparin exerts damaging effect on the
skeletal system, inhibiting bone formation and in-
tensifying bone resorption, which was determined
in animal studies in vivo [20, 25] and in vitro [3,
28]. The changes caused by heparin in the skeletal
system were not rapidly reversible [27]. Because of
the limited number of patients receiving heparin for
long periods, in whom its effect on the skeletal sys-

tem was evaluated, the data concerning the mecha-
nism of the unfavorable effects of heparin on bones
come mainly from animal studies.

Although enoxaparin belongs to the most fre-
quently used low-molecular-weight heparins, its ef-
fect on the skeletal system has not been intensively
studied. As it was mentioned, the long-term hepa-
rin therapy is not frequent, and it is difficult to
gather big enough groups of patients to enable ob-
servation of the effects on the skeletal system.
There are only few clinical reports on the effects of
enoxaparin on bones.

Nelson-Piercy et al. [24], in a prospective study,
examined effects of enoxaparin on the skeletal sys-
tem of 26 pregnant women (28 pregnancies). After
treatment, nine women had bone density in the
spine or hip > 1 SD below the mean for age- and
sex-matched controls [24]. Casele and Laifer [4], in
a prospective study in 16 pregnant women, did not
observe significant changes in mean bone density
of the proximal femur between baseline measure-
ments and those taken at the conclusion of therapy
at six weeks postpartum. However, by six months
postpartum, there was a significant mean decrease
in bone density [4]. In a retrospective review of
case notes of women who received enoxaparin dur-
ing pregnancy (57 pregnancies in 50 women), no
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instances of vertebral or hip fracture were encoun-
tered [7]. Backos et al. [1], who studied prospec-
tively the changes in bone mineral density during
pregnancy and puerperium in women with primary
antiphospholipid syndrome treated with low-dose
aspirin and low-dose heparin (standard heparin, n =
46, or enoxaparin, n = 77), did not observe signifi-
cant difference in bone mineral density decreases
during pregnancy between patients treated with the
two heparins.

The influence of enoxaparin on bones of
healthy animals has not been studied in vivo.
Enoxaparin, administered for 30 days to rats with
experimental osteonecrosis of the femoral head,
evoked beneficial effects, lowering amounts of ne-
crotic bone in epiphysis (which is consistent with
the heparin-induced intensification of bone resorp-
tion) [26]. In vitro, enoxaparin was found to have
smaller effect than standard heparin on the activity
of osteoblasts in a model of bone nodule formation
[3]. However, enoxaparin and other low-mole-
cular-weight heparins caused a significant inhibi-
tion of osteoblast growth [15]. Enoxaparin (as well
as other low-molecular-weight heparins: daltepa-
rin, tinzaparin and ardeparin) was reported to
stimulate bone resorption from fetal rat calvaria in
vitro, but much higher concentrations of low-
molecular-weight heparins were required to obtain
an equivalent effect to that of unfractioned heparin
[28].

In the present study, administration of enoxa-
parin led to development of features of osteopenia in
rats. In the cortical bone, enoxaparin inhibited bone
formation (decreases in the width of periosteal and
endosteal osteoid and in the periosteal and endosteal
transverse growth) and intensified bone resorption
(increases in the area of the transverse cross-section
of the marrow cavity and the ratio of the area of the
transverse cross-section of the marrow cavity to the
area of the transverse cross-section of the tibial dia-
physis) in comparison with the control group. The
changes observed in the cancellous bone (decreases
in the width of trabeculae) could be the effect of in-
hibition of bone formation and/or intensification of
bone resorption. The histomorphometric changes
were confirmed by the decreases in the ratios of the
bone mineral content to bone mass.

There were reports on the damaging effect of
heparin mainly on the cancellous bone. Heparin
was reported to decrease bone mineral density in
the cancellous, but not cortical bone, both in hu-

mans [5] and rats [23]. Enoxaparin in the present
study exerted damaging effect also on the cortical
bone.

Low-molecular-weight heparins were reported
to cause lesser damaging effect than standard hepa-
rin on the skeletal system in experimental animals.
According to Muir et al. [21], unfractioned heparin
decreased cancellous bone volume both by decreas-
ing the rate of bone formation and increasing the
rate of bone resorption, whereas a low-molecular-
weight heparin (tinzaparin) only decreased the rate
of bone formation, causing less osteopenia in rats.
On the other hand, Nishiyama et al. [25], who com-
pared the effect of dalteparin with that of heparin,
concluded that the greatest difference was the
lesser effect of dalteparin on osteoblasts. In the
present study, enoxaparin affected both bone for-
mation and resorption. Also in our previous study
[10], another low-molecular-weight heparin,
nadroparin, exerted unfavorable effects on the rat
skeletal system, only slightly weaker than those
caused by standard heparin. Nadroparin caused dis-
order of bone formation and intensification of bone
resorption in rats [10]. The effect of enoxaparin on
bone formation, observed in the present study was
even more pronounced than that of heparin in our
previous experiment.

It is possible that different low-molecular-
weight heparins may have different effects on
bones. Heparin binds to numerous proteins, which
can affect bone metabolism [9]. According to Hirsh
et al. [13], heparin binds to bone matrix and inter-
acts with a variety of cell types found in the bone
environment, including cells of the osteoblast line-
age. Such interactions may alter mesenchymal stem
cell differentiation, reducing the number of mature
osteoblasts, may reduce collagen synthesis by os-
teoblasts, and may release growth factors and/or
cytokines capable of inducing the formation of os-
teoclasts from pluripotent mononuclear precursors
in the bone marrow [13].

The differences between the effects of standard
heparin and low-molecular-weight heparins and be-
tween the effects of different low-molecular-weight
heparins on the skeletal system could be the result
of their different capability to bind different pro-
teins, which can differently influence bone metabo-
lism.

Results of the present study indicate that a low-
molecular-weight heparin, enoxaparin, can induce
unfavorable changes in the rat skeletal system. It is
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possible that long-term administration of enoxa-
parin can unfavorably affect the skeletal system
also in humans.
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